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© Process for producing foamed thermoplastic resin articles. 

© A process for producing a foamed thermoplastic 
resin article is disclosed, comprising separately melt 
kneading the first thermoplastic resin composition 
comprising a first thermoplastic resin and 10 to 400 
parts by weight per 100 parts by weight of the first 
thermoplastic resin of a filler and constituting an 
unfoamed layer at the time of extrusion molding, and 
the second thermoplastic resin composition compris- 
ing a second thermoplastic resin and a foaming 
agent and constituting a foamed layer at the time of 
extrusion molding, by the use of extruders, and 
extruding the two resin compositions in the form of 
.laminate through a T die. 
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PROCESS FOR PRODUCING FOAMED THERMOPLASTIC RESIN ARTICLES 



FIELD OF THE INVENTION 



The present invention relates to a process for 
producing foamed thermoplastic resin articles, 
which prevents articles from corrugation resulting 
from expansion produced in a width direction at 
right angles to the extrusion direction in extrusion 
molding of foamed thermoplastic resin articles 
(hereinafter referred to as "foamed articles") by the 
use of a T die and further which efficiently realizes 
the desired expansion ratio. 



BACKGROUND OF THE INVENTION 



In extrusion under atmospheric pressure of 
foamable resin compositions by the use of a slit 
die such as a T die, it expands in three directions. 
In this case, the expansion in an extrusicn direction 
of the foamed article is not subject to any limita- 
tion, whereas the expansion in the thickness direc- 
tion and in the width direction is limited by an 
outlet of the T die, leading to the deformation of 
the foamed article in a wave form. This phenom- 
enon is called a "corrugation phenomenon". Of 
these deformations, the deformation in the molding 
direction due to the limitation in the thickness di- 
rection can be prevented by controlling the pulling 
speed of the foamed article. However, the deforma- 
tion in the width direction due to the limitation in 
the width direction cannot be prevented. This phe- 
nomenon tends to become more marked as the 
expansion ratio is increased and also as the clear- 
ance of the die slit is decreased. 

When the foamed article is cooled by contact- 
ing with a roll, for example, if the corrugation oc- 
curs, the foamed article comes into contact with 
the roil unevenly and thus streaks parallel to one 
another in the molding direction are developed, 
markedly reducing the appearance of the foamed 
article. 

To overcome the above problems, a method 
using a circular die has heretofore been known. In 
accordance with this method, however, a plate- 
shaped foamed article cannot be obtained unless 
the resulting circular foamed article is cut and 
opened. This additional step makes the process 
complicated and further wrinkles are produced at 
the time of cutting. Thus the above method is not 
effective to overcome the problems. Another meth- 
od proposed to overcome the above problems is to 
produce a smooth foamed article by the use of a 



sizing die having various forms, as disclosed in 
Japanese Laid-Open Patent Application Nos. 
25068/73 and 65771/79. This method, however, is 
also not effective because it has disadvantages in 
5 that a special apparatus is needed and thus the 
method is unsuitable for practical use, and the 
method is difficult to apply to a foamed article 
small in thickness. 

70 

SUMMARY OF THE INVENTION 



The present invention is intended to overcome 
75 the above problems, and an object of the present 
invention is to provide a method whereby the cor- 
rugation can be effectively prevented without use 
of a special apparatus, and a foamed thermoplastic 
resin article having a smooth surface and a good 
20 appearance, a high specific modulus and a high 
flexural stress, and further a high expansion ratio 
can be produced. 

The present invention relates to a process for 
producing a foamed thermoplastic resin article 
25 which comprises separately melt kneading the first 
thermoplastic resin composition comprising a first 
thermoplastic resin and 10 to 400 parts by weight 
per 100 parts by weight of the first thermoplastic 
resin of a filler and constituting an unfoamed (or 
30 non-foamable) layer at the time of extrusion mold- 
ing, and the second thermoplastic resin composi- 
tion comprising a second thermoplastic resin and a 
foaming agent and constituting a foamed layer at 
the time of extrusion molding, by the use of extrud- 
es ers, and extruding the two resin compositions in 
the form of laminate through a T die. 

DETAILED DESCRIPTION OF THE INVENTION 

40 

The first thermoplastic resin as used herein 
includes polyolefin resins (e.g., low density, me- 
dium density, and high density polyethylenes. lin- 

45 ear low density polyethylene, polypropylene, 
copolymers of ethylene or propylene with other a- 
olefins. and copolymers of ethylene with vinyl ace- 
tate, acrylic acid, methacrylic acid, acrylic acid 
esters, methacrylic acid esters, vinyl alcohol and 

so the like), polystyrene resins, ABS resins. AS resins, 
polyvinyl chloride resins, polymethyl acrylate res- 
ins, polymethyl methacrylate resins, polycarbonate 
resins, polyamide resins, polyphenylene oxide res- 
ins, their mixtures and the like. Preferred examples 
of the first thermoplastic resins are polyolefin res- 
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ins, with a polypropylene resin and a high density 
polyethylene resin being more preferred. Other 
preferred examples of the first thermoplastic resins 
are styrene-series resins, with a polystyrene resin 
and an ABS resin being more preferred. 

The filler as used herein includes calcium car- 
bonate, magnesium carbonate, calcium hydroxide, 
magnesium hydroxide, aluminum hydroxide, alu- 
minum phosphate, talc, mica. clay, carbon black, 
white carbon, graphite, zeolite, barium sulfate, 
water-containing calcium silicate and the like as 
inorganic powders, a phenol resin powder, an 
ebonite powder, a woodmeal, a rice hull powder 
and the like as organic powders, and as fibers, 
glass fibers, pulp fibers, asbestos fibers, polyethyl- 
ene terephthalate fibers, polyamide fibers and the 
like, with talc, mica and cafcium carbonate being 
preferred. 

The amount of the filler compounded is 10 to 
400 parts by weight per 1 00 parts by weight of the 
first thermoplastic resin. If the amount of the filler 
compounded is less than 10 parts by weight, the 
effect of preventing the foamed article from cor- 
rugation is poor, whereas if it is in excess of 400 
parts by weight, extrusion molding in the form of 
laminate becomes difficult. 

fn addition, an antioxidant, a coloring agent, an 
ultraviolet absorbent, an antistatic agent, a plasti- 
cizer, a slipping agent such as fatty acid metal 
salts and fatty acid amides, and the like can be 
added, if necessary. 

As the second thermoplastic resin, the same as 
used in the first thermoplastic resin can be used. 
Preferred examples of the second thermoplastic 
resins are polyolefin resins, with a polypropylene 
resin and a high density polyethylene resin being 
more preferred. Other preferred examples of the 
second thermoplastic resins are styrene-series res- 
ins, with a polystyrene resin and an ABS resin 
being more preferred. 

It is preferred that a filler is not substantially 
added to the second thermoplastic resin. This is 
because addition of the filler facilitates the removal 
of foams at the time of foaming and reduces foam- 
ing characteristics. It is not obstructed that the filler 
is added to the second thermoplastic resin and the 
same filler as used in the first thermoplastic resin 
composition can be added. However it is necessary 
for the amount of the filler added to be smaller than 
that compounded to the first thermoplastic resin. 
The amount of the filler added is preferably 20 to 
50 parts by weight per 100 parts by weight of the 
second thermoplastic resin. 

As the foaming agent, both a chemical foaming 
agent and a physical foaming can be used. Exam- 
ples of the chemical foaming agent include 
azodicarbonamide. azobisisobutyronitrile. dia- 
zoaminobenzene, N,N-dinitrosopen- 



tamethylenetetramine, N.N-dimetnyl-N.N- 
dinitroterephthalamide. benzenesulfonylhydrazide. 
p-toiuenesulfonylhydrazide. p.p'-oxybisbenzenesul- 
fonylhydrazide. carbonic acid salts such as sodium 
5 hydrogencarbonate, organic acid salts such as an 
alkali metal citrate and the like. Examples of the 
physical foaming agent include propane, butane, 
pentane, dichlorodifluoromethane. dich- 
loromonofiuoromethane, trich- 
10 loromonofluoromethane. methanol, ethanol and the 
like. Preferred examples of the foaming agents are 
an alkali metal citrate, a mixture of an alkali metal 
citrate and sodium hydrogencarbonate. and 
azodicarbonamide. If necessary, these foaming 
is agents can be used in combination with an auxil- 
iary foaming agent, a crosslinking agent and a 
nucleating agent which are commonly used. More- 
over the foamed article may be crossiinked. 

The foamed article of the present invention is 
20 basically of the two or three layer structure, com- 
prising the layer of the second thermoplastic resin 
composition and the layer(s) of the first thermo- 
plastic resin composition(s) laminated on one or 
both surface(s) of the layer of the second thermo- 
25 plastic resin composition. The corrugation can be 
sufficiently prevented by laminating the layer of the 
first thermoplastic resin composition on one surface 
of the layer of the second thermoplastic resin com- 
position. In this case, it is preferred that the thick- 
30 ness of the layer of the first thermoplastic resin 
composition be made somewhat greater than that 
in case of the laminate comprising the layer of the 
second thermoplastic resin composition and the 
layers of the first thermoplastic resin compositions 
35 laminated on both surfaces of the layer of the 
second thermoplastic resin composition. 

In case where the adhesion between the layers 
of the first and second thermoplastic resin com- 
positions is insufficiently low depending on a com- 
40 bination of the first and second thermoplastic res- 
ins, a suitable adhesive layer may be provided 
between the layers of the first and second thermo- 
plastic resin composition. 

The thickness of each layer varies with the 
45 combinations of the type of the first thermoplastic 
resin, the type of the filler and the concentration of 
the filler, and further the type of the second ther- 
moplastic resin and the expansion ratio. When, 
however, the thickness of the layer of the first 
so thermoplastic resin composition is too small, the 
corrugation is sometimes prevented only insuffi- 
ciently. Thus, usually, the thickness ratio of un- 
foamed layer is preferred to be about 0.05 1 to 
0.7 1 based on the total thickness. 
55 In connection with a lamination method, the 

first and second thermoplastic resin compositions 
are laminated in a molten state prior to the ex- 
trusion through a T die. In general, a multi-manifold 
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method in which the first and second thermoplastic 
resin compositions are meit kneaded in the respec- 
tive extruders and then laminated in a T die, a feed 
block method (combining adapter method) in which 
lamination is carried out prior to introduction into 5 
the T die, and so forth can be employed. 

In a case where other layers are laminated on 
the laminate of the first and second thermoplastic 
resin compositions, lamination methods commonly 
used, such as dry lamination, wet lamination, ex- w 
truston lamination, coextrusion lamination and 
pressing, can be employed. 

In accordance with the present invention, the 
following effects can be obtained. 

(1) Since the first thermoplastic resin com- is 
position constituting an unfoamed layer contains a 
filler, it provides a high specific modulus and a high 
flexural stress to the surface of the foamed article 
after extrusion molding. 

(2) Since the first and second thermoplastic 20 
resin compositions are laminated before the ex- 
trusion molding through a T die, that is, prior to the 
formation of the corrugation, when the foamed arti- 
cle are extruded through the T die. the deformation 

due to expansion in the width direction of the 25 
foamed layer is absorbed by the unfoamed layer. 

(3) Since there is the unfoamed layer, the 
dissipation of foaming gas from the foamed layer at 
the time of extrusion under atmospheric pressure is 
decreased and thus the ratio of expansion of the 30 
foamed layer can be increased. 

The present invention will be explained in 
greater detail with reference to the following exam- 
ples, but the present invention should not be con- 
strued as being limited thereto. 35 



EXAMPLE 1 



100 parts by weight of propylene-ethylene 
block copolymer (melt index: 1.8 g*10 mm, 
"Mitsubishi Polypro BC8") and 10 parts by weight 
of talc as a filler were compounded to prepare a 
first thermoplastic resin composition. Independent- 45 
ly, 100 parts by weight of propylene-ethylene block 
copolymer (melt index: 0.5 g.-10 min. "Mitsubishi 
Polypro EC9") and 2.7 parts by weight of a 1 :1 
mixture of monosodium citrate and sodium 
hydrogen-carbonate as a foaming agent were com- 50 
pounded to prepare a second thermoplastic resin 
composition. These resin compositions were melt 
kneaded in the respective extruders and then lami- 
nated in a three-layer structure by the feed block 
method just before introduction into a T die. which 55 
was then extruded through the T die and cooled. 

The extruder used for the first thermoplastic 
resin composition had a diameter of 90 mm, the 
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extruder used for the second thermoplastic resin 
composition had a diameter of 65 mm. and the 
width of the T die was 750 mm. 

In the three-layer laminate made of two type of k 
resin compositions obtained above, the thickness 
of the layer of the first thermoplastic resin com- 
position as the uppermost layer was 0.3 mm. that . 
of the layer of the second thermoplastic resin com- 
position as the intermediate layer was 1.9 mm. and 
that of the layer of the first thermoplastic resin 
composition as the lowermost layer was 0 3 mm. 
Cooling of the foamed article was performed oy the 
use of three metallic rolls. 

Evaluation results in connection with corruga- 
tion and appearance of the foamed thermoplastic 
resin article obtained are shown in Table 1 . 



EXAMPLE 2 



The procedure of Example 1 was repeated with 
the exception that the amount of talc compounded 
in the first thermoplastic resin composition was 
changed to 100 parts by weight. 

Evaluation results of the foamed article ob- 
tained are shown in Table 1. 



COMPARATIVE EXAMPLE 1 



The procedure of Example 1 was repeated wijh 
the exception that the layer of the first thermoplas- 
tic resin composition was not laminated. 

Evaluation results of the foamed article ob- 
tained are shown in Table 1. 



COMPARATIVE EXAMPLE 2 



The procedure of Example 1 was repeated with 
the exception that the filler was not compounded to 
the first thermoplastic resin composition. 

Evaluation results of the foamed article ob- 
tained are shown in Table 1 '. 



EXAMPLE 3 



The procedure of Example 1 was repeated with 
the exception that as the second thermoplastic 
resin, high density polyethylene (melt index: 0.8 
g 10 min, "Mitsubishi Polyethy EY40") was used, 
and as the filler for the first thermoplastic resin 
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composition. 50 parts by weight of talc was com- 
pounded. 

Evaluation results of the foamed article ob- 
tained are shown in Table 1. 



COMPARATIVE EXAMPLE 3 



The procedure of Example 3 was repeated with 
the exception that the layer of the first thermoplas- 
tic resin composition was not laminated. 

Evaluation results of the foamed article ob- 
tained are shown in Table 1 . 

As apparent from the results of Table 1, the 
foamed articles obtained in the Examples are free 
of corrugation, and have a good appearance, and 
further have expansion ratios higher than those in 
Comparative Examples. 



10 
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EXAMPLE 6 



The procedure of Example 1 was repeated with 
the exception that as the first thermoplastic resin, 
ABS resin (melt index at 220°C, 10 kg weight: 9.5 
g.-10 min. "TUFREX TFX-SSS" produced by Mit- 
subishi Monsanto Chemical Co.) was used, and as 
the filler 50 parts by weight of talc was com- 
pounded for the first thermoplastic resin composi- 
tion, and as the second thermoplastic resin, poly- 
styrene (melt index at 200°C, 5 kg weight: 2.2 g/10 
min. "DfAREX HT516 H produced by Mitsubishi 
Monsanto Chemical Co.) was used, and as the 
foaming agent, 6 parts by weight of azodicar- 
bonamide was compounded for the second ther- 
moplastic resin composition. 

Evaluation results of the foamed article ob- 
tained are shown in Table 2. 



20 



EXAMPLE 4 



COMPARATIVE EXAMPLE 5 



The procedure of Example 1 was repeated with 
the exception that as the first thermoplastic resin, 
high density polyethylene (melt index: 0.25 g10 
mm, "Mitsubishi Polyethy BZ50A") was used, and 
as the filler. 200 parts by weight of calcium car- 
bonate was compounded for the first thermoplastic 
resin composition, and as the second thermoplastic 
resin, the above high density polyethylene was 
used. 

Evaluation results of the foamed article ob- 
tained are shown in Table 2. 



The procedure of Example 6 was repeated with 
the exception that the filler was not compounded to 
the first thermoplastic resin composition. 

Evaluation results of the foamed article ob- 
tained are shown in Table 2. 



COMPARATIVE EXAMPLE 4 

40 

The procedure of Example 4 was repeated with 
the exception that the filler was not compounded to 
the first thermoplastic resin composition. 

Evaluation results of the foamed article ob- 
tained are shown in Table 2, 4 c 



EXAMPLE 5 



The procedure of Example 1 was repeated with 
the exception that as the filler for the first thermo- 
plastic resin composition, 30 parts by weight of 
mica was compounded. 

Evaluation results of the foamed article ob- 
tained are shown in Table 2. 
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As described above, in accordance with the 
present invention, the first thermoplastic resin com- 
position containing a filler and the second thermo- 
plastic resin composition containing a foaming 
agent are extrusion molded in the form of laminate. 
Thus there can be obtained a foamed thermoplas- 
tic resin article which is free from the corrugation 
and has a smooth surface and a good appearance, 
and further has a high specific modulus and a high 
flexural stress, and a high expansion ratio. In par- 
ticular, when the expansion ratio of the foamed 
layer is up to 10 times, the effects as described 
above are remarkable. 

While the invention has been described in de- 
tail and with reference to specific embodiments 
thereof, it will be apparent to one skilled in the art 
that various changes and modifications can be 
made therein without departing from the spirit and 
scope thereof. 



Claims 

1. A process for producing a foamed thermo- 
plastic resin article which comprises separately 
melt kneading the first thermoplastic resin com- 
position comprising a first thermoplastic resin and 
10 to 400 parts by weight per 100 parts by weight 
of the first thermoplastic resin of a filler and con- 
stituting an unfoamed layer at the time of extrusion 
molding, and the second thermoplastic resin com- 
position comprising a second thermoplastic resin 
and a foaming agent and constituting a foamed 
layer at the time of extrusion molding, by the use 
of extruders, and extruding the two resin composi- 
tions in the form of laminate through a T die. 

2. The process as claimed in Claim 1, wherein 
the structure of the laminate is an unfoamed layer a 
foamed layer*an unfoamed layer. 

3. The process as claimed in Claim 1. wherein 
the thickness ratio of the unfoamed layer is 0.0S1 
to 0.7/1 based on the total thickness. 

4. The process as claimed in Claim 1, wherein 
the expansion ratio of the foamed layer is up to 10 
times. 

5. The process as claimed in Claim 1, wherein 
the first and second thermoplastic resin composi- 
tions are laminated in a T die. 

6. The process as claimed in Claim 1, wherein 
the first and second thermoplastic resin composi- 
tions are laminated prior to introduction into the T 
die. 

7. The process as claimed in Claim 1 . wherein 
the first and second thermoplastic resins are each 
a polyolefin resin. 



8. The process as claimed in Claim 7. wherein 
the first and second thermoplastic resins are each 
a polypropylene resin or a high density polyethyl- 
ene resin. 

5 9. The process as claimed in Claim 1, wherein 

the first and second thermoplastic resins are each 
a styrene-series resin. 

10. The process as claimed in Claim 9. 
wherein the first and second thermoplastic resins 

iq are each a polystyrene resin or an ABS resin. 

11. The process as claimed in Claim 1. 
wherein the filler is talc, mica or calcium carbonate. 

12. The process as claimed in Claim 1. 
wherein the foaming agent is an alkali metal citrate, 

rs a mixture of an alkali metal citrate and sodium 
hydrogencarbonate, or azodicarbonamide. 

13. The process as claimed in Claim 1. 
wherein the second thermoplastic resin composi- 
tion does not substantially contain a filler. 
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